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In this paper we present results of dielectric measurements of the liquid crystal (LC) 5*CB ar-
ranged in the porous matrices with a pore diameter of 100 and 20nm. We analyze the effect of
surface interactions on the dynamics of molecules. The results were compared with the results of
the bulk 5*CB. The most important result is the blocking of phase transition of 5*CB into the solid
phase in a matrix of 20 nm.
PACS numbers:
Introduction. Liquid crystal displays (LCD) are usu-
ally used in a variety of devices (TV, computer screens,
mobile, watches, etc.). Improving the quality of the dis-
played image forces the construction of new displays with
more densely packed pixels. Miniaturization reduces the
amount of material used in the construction of the dis-
play, but properties of LCs confined in a small cell differ
from the properties of bulk LCs [1–3]. Moreover, displays
designed to display dynamic images must be character-
ized by the lowest possible inertia. Pixels are sequentially
on/off at each frame, it makes the time required to en-
able/disable each of them must be increasingly shorter
(in fast displays). This time is limited by the time re-
quired on reorientation liquid crystal molecules in an elec-
tric field. In each LCD liquid crystal is placed in the cell,
and therefore a significant impact on the ability to reori-
entation of the molecules play their interactions with the
cell surface [4].
In this paper we present the influence of surface effects
on the dynamics of the liquid crystal molecules of the
chiral 5*CB depending on the size of the cell in which
this material was placed. Our results for 5*CB confined
in 100 nm matrix were shown in [5]. Now, we present
the new results for 5*CB confined in matrix 20 nm and
we compare them with the results obtained for the bulk
material and the 5*CB confined in matrix 100 nm.
Experiment. The dynamics of the LC 5*CB molecules
have been studied by broadband dielectric spectroscopy
(BDS), using the Novocontrol Concept 80 system. A
detailed description of the measuring apparatus and
method of sample preparation has been described in the
works [5]. Dielectric loss tangent measurements were
made as function of the frequency of the electric field
in the range of 10−2 − 107 Hz, and at temperature in
the range of 180 - 310 K. As measurement cells we used
a porous matrices (Anopory, Whatman Co.). They are
porous blotting paper with a thickness of 60µm, having
a well-defined size and shape of the pores. They have
the shape of the tubes and they are perpendicular to
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FIG. 1: Dependence tanδ on temperature and frequency of
5*CB confined in matrix of pore size 100 nm during cooling
(top) and heating (bottom)
the electrode’s surface. For the measurements we used
5*CB, synthesized at the Military University of Technol-
ogy Warsaw, confined in a porous matrices with pore size
of 100 nm (sample I) and 20 nm (sample II).
Results and discussion. Fig. 1 presented dielectric loss
tangent dependence on frequency and temperature ob-
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2tained during cooling and heating of the sample I. The
dynamics of molecules 5*CB is complex. Four clearly
separated peaks in the curves tanδ(f, T) indicate the ex-
istence of four relaxation processes, while in the bulk of
5*CB are only two dynamic processes [6]. Increasing the
number of dynamic processes is caused by the interaction
of LC molecules with the walls of the pores [5, 7, 8]. Most
significant difference is dramatic reduction in the ampli-
tude of the all processes of relaxation during cooling at a
temperature about 260K. It indicates that there is phase
transition during which occurs inhibition of the reorien-
tation of the entire molecules or parts thereof. This is
not isotropic-cholesteric phase transition observed in bulk
5*CB, which is related to a slight decrease in amplitude
(∆ε′ ≈ 1 [6]). Most likely it is transition to a metastable
solid phase, in which is going through a dynamic process
with a large distribution of relaxation times and small
amplitude. This phase is melting in temperature about
282K and it is confirmation that it is metastable phase
[9, 10].
Fig. 2 shows the relationship tanδ(f, T) during the
cooling and heating of the sample II. The results indicate
the existence of at least three relaxation processes.
First high frequency process is associated with the ro-
tations of molecules around short axes, and is called as
alpha relaxation. The next two overlapping relaxation
processes are observed in the low frequencies. Complex-
ity of the low-frequency process clearly indicate differ-
ences in the spectrum of the cooling and heating of the
sample II in the temperature range 260-280 K. During the
sample cooling, one of them is inhibited, therefore during
heating does not appear in the observed spectrum. Also,
the values ε′ determined at the frequency f = 10−1 [Hz] in
this temperature range is significantly smaller on heating
than during cooling (Fig. 3a)
The results obtained during the cooling of the sample
II are very similar to those obtained for the bulk of 5*CB
[6]. During cooling in the whole temperature range are
observed relaxation alpha. This indicates that, unlike
for sample I, and similarly as in bulk material, does not
observe crystallization into the metastable solid phase.
Since the pore size of the sample II is much less than
for sample I, we believe that significant part of molecules
is anchored on the surface of the pores. Thus formed
structure where the ability for rotations of molecules (or
flip-flop motions) are not significantly limited, but due to
the blocking of the translation of the molecules, does not
occur the transformation into metastable solid phase. We
believe that the sample may form a structure resembling
to an amorphous glassy phase generated not by freezing
the sample, but with decreasing temperature and freezing
the structure by anchoring molecules on the pore walls.
Main difference compared to the bulk 5*CB is visi-
ble during heating of the sample II. In bulk 5*CB, dur-
ing cooling, isotropic liquid transforms into chiral ne-
matic and then formed glassy phase. During heating
glassy phase occurs of a gradual unfreezing, resulting
in increased freedom of rotations and translation of the
FIG. 2: Dependence tanδ on temperature and frequency of
5*CB confined in matrix of pore size 20 nm during cooling
(top) and heating (bottom)
molecules. At temperature about 240 K there is sudden
inhibiting of rotation of molecules. Depending on the ap-
plied thermal treatment can then be created metastable
or, under special conditions, the stable solid phase [9].
In the solid phase the value of ε′ decreases to a value of
ε′ in the glass.
For the sample II, during heating, alpha relaxation
is not blocked and it is observed in the whole temper-
ature range. Just as for the low frequency relaxation
process, some slight reduction in the amplitude of the
dielectric loss is observed in the temperature range 260 -
280 K. Therefore, we can formulate very important con-
clusion, that during heating of the sample II, transition
to metastable solid phase, observed both in the sample I
and bulk material, is blocked. Reducing the tanδ (Fig.
1 bottom) and ε′ (Fig. 3 bottom) indicates on a re-
duction in the effective component of the dipole moment
in the direction of the external electric field, or freezing
of the motions certain part of rotating molecules. Rel-
ative change in the amplitude dielectric losses for low-
and high-frequency processes in the temperature range
3FIG. 3: Real permittivity ε′ vs T for frequencies 10−1Hz (top)
and 105Hz (bottom) for 5*CB confined in matrix of pore size
20 nm during cooling and heating
of 260 - 280 K is almost the same (approximately 20%)
and it indicating, that being blocked both slow and fast
reorienting processes of the same molecules.
Conclusion. Both the results obtained for samples I
and II differ significantly from the results of bulk mate-
rial. The main differences are related to (i) changes in
the sequence of phase transitions of the sample I during
cooling, (ii) changes in the sequence of phase transitions
for sample II upon heating, (iii) increasing the number
of relaxation processes for 5*CB confined in nanopores
matrices.
For 5*CB confined in a matrix of 100 nm (sample I),
the most significant difference is observed during cool-
ing, when the phase transition into the metastable solid
phase occurs (not observed in bulk material). The shape
of nanopores and their axial orientation relative to the
external electric field, forces the axial arrangement of
molecules within the pores, making it impossible to for-
mation of cholesterol phase during the cooling. Ax-
ial arrangement of molecules promotes the formation of
metastable solid phase [5].
Sample II during cooling behaves the same as the bulk
material. A significant difference occurs during the heat-
ing, after earlier cooling. In this case, the phase transi-
tion to metastable solid is blocked, which was always ob-
served for the bulk material with the same thermal treat-
ment. We think that the small size of the pores hinders
translational motions of molecules, which additionaly can
be anchored on the pore walls. This produces a pseudo-
amorphous structure, which is temperature-stable. This
phase does not transform into metastable solid phase, ei-
ther during the cooling (such as the sample I) or upon
heating (such as in bulk material).
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